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INTRODUCTION 
Studies with isolated cell components constitute one of the major areas 
of potential contribution of biochemistry and physiology to the understanding of 
insecticide metabolism. Such studies seek to simplify or isolate elements of 
complex physiological relationships and thereby study them in less complex 
units. Differential centrifugation techniques applied to tissue homogenates have 
made significant contributions to the understanding of enzyme structure relation­
ships and have served as a major preparative technique in biochemical studies. 
Roodyn (1965) has classified differential centrifugation experiments according to 
type, has presented standards for their conduct, and has made an extensive 
tabulation of results with mammalian liver homogenate fractionations. 
Studies in drug metabolism are an important area of application of dif­
ferential centrifugation. Most authors have used differential centrifugation to 
divide tissue homogenates into four fractions usually termed the "nuclear," 
"mitochondrial, " "microsomal, " and "soluble" fractions. The microsomal 
fraction has, as a characteristic function, certain oxidative detoxication reac­
tions requiring a reduced nucleotide cofactor and oxygen (Brodie et al., 1958). 
The enzymes appear to be associated with fragments of the smooth endoplasmic 
reticulum (Shuster, 1964). Such detoxications are extremely important in the 
action and metabolism of certain drugs or insecticides, A tabular summary of 
known microsomal detoxication reactions has been assembled by Nakatsugawa 
(1964). To this list, which includes aliphatic carbon oxidation, N-dealkylation, 
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O-dealkylation, aromatic hydroxylation, thioether oxidation, and desulfuration, 
must now be added cyclodiene epoxidation (Wong and Terriere, 1965; 
Nakatsugawa et al., 1965). 
The term "microsome" does not refer to an intact cellular structure. 
Siekevitz (1965) has defined "microsome" as, ". . . the high-speed pellet (from 
100,000 to 250,000 x g. for 60-120 minutes) resulting when the supernatant fluid 
from the mitochondrial fraction is sedimented. " Siekevitz (1963; 1965) also 
observed that the morphology of the microsomal pellet will, therefore, depend 
upon the morphology of the cells used to prepare the homogenate. However, the 
word "microsome" is not a morphological term and has no meaning when applied 
to intact cells or tissues. 
Microsomal pellets, when examined by electron microscopy, frequently 
show the variety of cellular fragments ejqjected from such a preparative pro­
cedure. Microsomes are, however, frequently striking in their moiphological, 
biochemical, and enzymatic properties as compared with other cellular fractions. 
Siekevitz (1963) has reviewed work which has led to the general establishment of 
the concept that the microsomes are predominantly fragments of cellular membrane 
systems shattered during homogenization. The maj or system contributing to mem­
brane fragments in microsomal fractions is thought to be the endoplasmic reticulum 
with or without attached ribosomes. 
Coordinated biochemical and morphological studies (Palade and 
Siekevitz, 1956; Kuff et al., 1956; Moulé et al., 1960) have placed a certain 
en^hasis upon microsomal preparations as a means of studying enzyme-
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structural relationships in the endoplasmic reticulum. Strictly speaking, how­
ever, as pointed out by Siekevitz (1965)^ "microsome" is still only a preparative 
term. When working with a new tissue source or preparation scheme, coordi­
nated electron microscopy and biochemical studies must be made before any 
conclusions regarding enzyme-structure relationships can be formed. 
Our laboratory has been studying the biochemical aspects of insecticide 
metabolism by insect and mammalian tissue homogenates for several years. 
Nakatsugawa and Dahm (1965) have found that a cockroach fat body homogenate 
has a great potential for parathion activatipn and that the enzyme appears to be 
a microsomal enzyme. The study described in this thesis was undertaken in 
an effort to develop more substantial information regarding the morphological 
aspects of parathion activation by fat body homogenates. 
This tiiesis describes a study of the site of parathion activation in 
American cockroach fat body homogenates by coordinated differential centri-
fugation and electron microscope techniques. 
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REVIEW OF LITERATURE 
Since recognition of their biological potential, perhaps in the 1930's 
(O'Brien, 1960), the organophosphates have received considerable attention as 
insecticides. Several excellent reviews of their chemistry, biochemistry, and 
biological activity have been published including books by O'Brien (1960) and 
Heath (1961). 
Parathion, the insecticide diagrammed below, is an organophosphate 
which was introduced commercially in about 1948 (Hamblin and Golz, 1955) and 
has since been used on a great variety of crops, especially commercially grown 
vegetables and field crops. Parathion is considered to be one of the more toxic 
of the organophosphates and great care must be exercised in its use. Parathion 
is commonly formulated under various trade names such as Thiophos, Niram, 
or Phoskil (Hamblin and Golz, 1955). 
CHg - CH2 - O 
Parathion's high toxicity toward mammals and insects has been attri­
buted to a metabolism to the oxygen analogue, paraoxon, or to the presence of 
the S-ethyl or S-phenyl isomers which are powerful cholinesterase inhibitors. 
In vitro studies by a number of groups (Diggle and Gage, 1951; Gage and Payton, 
1952; Myers et al., 1952) indicated that mammalian liver probably converts 
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parathion to the o^ggen analogue, paraoxon. Parathion and methyl parathion 
activation to paraoxon and methyl paraoxon has been established in vitro and 
in vivo with mammalian tissue and in vitro with insect tissue (Gage and Pay ton, 
1952; Myers et al., 1952; Gage, 1953; Metcalf and March, 1953; Brindley and 
Dahm, 1964; Nakatsugawa and Dahm, 1965). Very carefully purified parathion, 
protected from sunlight, is practically non-inhibitory to cholinesterase 
(Nakatsugawa and Dahm, 1965) and therefore its conversion to paraoxon is an 
essential step in its biological activity. 
The conversion of parathion to paraoxon has been termed activation. In 
mammals the liver has been especially implicated as a site of the activation of 
parathion although other tissues are known to have some activity (O'Brien, 1960). 
Davison (1954; 1955) found that mammalian liver homogenates fortified with 
nicotinamide, magnesium ions, and NAD or similarly fortified liver microsomes 
with the microsomal supernatant could activate schradan and parathion. The 
activation would not proceed, in either case, in a nitrogen atmosphere. O'Brien 
(1956; 1957) demonstrated that NADHg and NADPH2 could replace the necessary 
microsomal supernatant when liver microsomes were the enzyme source. 
Parathion activation in vitro, therefore, seems to be a reaction which 
requires a reduced cofactor and oxygen, results in a toxic metabolite, paraoxon, 
and occurs in the microsomal fraction of liver homogenates. 
Nakatsugawa and Dahm (1962) found in the American cockroach, 
Periplaneta americana (Linnaeus), that activation of the organophosphate Gutiiion, 
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was greatest perjig. protein nitrogen per 30 minutes in the Malphigian tubules. 
The fat body was about half as active as Malphigian tubules but slightly more 
active than the heart and nerve cord. Ovary and gastric caecae were about one 
half as active as fat body5 other parts of the gut, the muscles, cuticle, and acces­
sory gland had very little activity. Homogenates of the midgut and caecae were 
more active than other tissue homogenates, but the variation j^mong tissue 
homogenates was not as great as the differences among whole tissues. The 
homogenates partially reduced the amount of anticholinesterase present, when 
incubated with the oxygen analogue of Guthion, except for the hindgut. No single 
tissue investigated was found to be as important in its relative extent of 
Guthion activation as was mammalian liver in the case of the organophosphates 
(Nakatsugawa and Dahm, 1962). 
Several other studies of relative organophosphate activation by insect 
tissues have been made, but only the work of Nakatsugawa and Dahm (1962), 
reviewed above, gave very thorough attention to the effect of metabolite degrada­
tion upon the apparent extent of the activation. Of special interest of this study, 
is the work of Kok and Walop (1954) who found that American cockroach fat body 
was the most active tissue in activating parathion in vitro. O'Brien (1957) found 
fat body to be the most active American cockroach tissue in activitating 
malathion. However, in the case of methyl parathion, American cockroach 
Malphigian tubules, midgut, and nerve cord were all more active than the fat 
body which had rather low activation activity (Metcalf and March, 1953; see 
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also March's correction of data cited by Nakatsugawa and Dahm, 1962). 
Nakatsugawa and Dahm (1965) have presented a fine study of parathion 
activation by American cockroach fat body homogenate fractions. A microsomal 
fraction, characterized by its preparation from the supernatant of a cytochrome 
oxidase-rich pellet, was studied for parathion activation. About 70 % of the 
parathion activation and about 19 % of flie cytochrome oxidase appeared in the 
microsomal pellet with insignificant activation activity in the supernatant. As 
shown by infrared spectroscopy, parathion was metabolized to paraoxon by the 
microsomal fraction when incubated with NADPHg and oxygen. The enzyme 
activity was decreased by vigorous shaking and seemed to have abroad pH optir 
mum centering around pH 7.5 although the enzymes were most stable at pH 7.0. 
NADHg was less effective as a cofactor than NADPHg; NAD and NADP were not 
effective. The activation reaction was inhibited by WARF antiresistant, sesamex, 
piperonylbutoxide, propylisome, sulfoxide and MGK264. These same insecticide 
synergists inhibited a model activation reaction containing parathion, sodium 
ascorbate, FeSO^, and EDTA to a lesser extent except for WARF antiresistant 
which inhibited the model reaction more. Pre treatment of the microsomal 
suspension with paraoxon prevented paraoxon degradation. 
The centrifugal fractionation of cockroach fat body was studied in a 
0.25 sucrose solution buffered with 0.01 M phosphate buffer (Nakatsugawa 
and Dahm, 1965). Fat body homogenates (10 %) were filtered and centrifuged 
for five minutes at 800 x g. av. (average gravitational force), for eight minutes 
8 
at 8000 X g. av., and for thirty minutes at 127,000 x g. av. Attempts to reduce 
fluctuation in the results led to several findings which were not studied in detail. 
These were that parathion activation in fat body homogenates was not detectable 
in late instar nymphs and increased in adults up to three months in age, that the 
activity of the crude homogenate was less than the supernatant of the first 
centrifugation, and that heating the microsomes in a sucrose solution removed a 
heat stable, soluble, factor necessary for parathion activation with 5% microsomal 
suspensions. 
Nakatsugawa and Dahm's (1965) finding of a heat stable factor in a heated 
microsomal supernatant is similar to that of Axelrod's (1955) findings, who 
reported the extraction of a factor involved in amphetamine metabolism after 
heating microsomes from several mammals. Although no one has apparently 
taken advantage of these data, the present situation, then, is much like that which 
prevailed in 1954-1957 when work by Davison (1954; 1955) and O'Brien (1956; 1957) 
led to the discovery of NADPHg as an essential cofactor in some in vitro micro­
somal activation reactions. Spirtes (1964), Trivus (1964), and Trivus and 
Spirtes (1964) have implicated magnesium ions in microsomal oxidations of 
hexobarbital and aniline. Rabbit liver microsomes prepared in potassium chloride 
solutions consisted of a heavier (lower) fraction and a lighter (upper) fraction. 
The fractions differed in appearance and both were required for ia vitro hexo­
barbital oxidation. The homogeneous, colorless, translucent, heavy fraction 
could be replaced by 5 x 10"^ M Mg"*"^ or by a NADPHg-generating system 
containii^ that amount of Cu"'"^, Fe'''^, Ou'"'^, Mn"*"^, Mo""*®, and 
could not replace Mg"^^. The enzymes for hexobarbital oxidation were in 
the lighter microsomal fraction which was reddish brown and opaque. With 
microsomal NADPHg oxidase, 10"^ M MgClg stimulated the reaction but 5 x 10"! 
M MgClg inhibited the reaction by 35%, Microsomal NADPH2 oxidase did not 
require Mg"*"^ and aniline hydroxylation was not stimulated by Mg"^^. 
Brindley (1963), using rat liver microsomes to metabolize methyl 
parathion, and Nakatsugawa and Dahm (1962), using cockroach tissue homogenates 
to activate parathion, found Mg"^^ to be an unessential component for in vitro methyl 
parathion and parathion activation. Fenwick (1958) wa^ not able to demonstrate 
the need for a metal ion in schradan oxidation by locust fat body homogenates. 
Other cofactors or soluble components have been implicated in micro­
somal oxidations. Imai and Sato (1959) found that acetone contaminated with 
methanol, but not pure acetone itself, would extract a lipid-like factor from 
rabbit liver microsomes which was necessary for aniline hydroxylation. No 
such factor was evident in the mitochondrial fraction. 
Pettit et al. (1964) found that an acid medium containing 3 M KCl would 
extract a factor from pork liver microsomes which, when supplemented with 
FAD, would catalyze the NADPHg and oxygen dependent synthesis of tertiary 
alkylaryl N-oxides from alkylarylamines. 
Fenwick (1961) studied the effect of carbon monoxide on schradan oxi-
cation by locust fat body microsomes and found a reversible Inhibition. Orrenius 
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(1965a) found with rat liver microsomes, that carbon monoxide inhibited amino-
pyrine demethylation but not other oxygen-NADPHg dependent microsomal 
oxidations studied. Phénobarbital injections increased the levels of aminopyrine 
demethylation, NADPHg-cytochrome c reductase and the carbon monoxide bind­
ing pigment cytochrome P-450. Treatment of the microsomes with Indian 
cobra, Naja naja venom solubilized NADPHg-cytochrome c reductase but 
destroyed aminopyrine demethylation. Cytochrome P-450 appeared in the super­
natant but its absorption maximum had shifted from 450 to 420 np. The induction 
by phénobarbital, which was not explained by increased substrate affinity, 
selectively increased oxygen uptake by drug metabolizing enzymes as compared 
to NADPHg-dependent oxygen uptake. Orrenius (1965a) proposed that the 
NADPHg-cytochrome c reductase flavoprotein and cytochrome P-450 were 
important in the demethylation. SKF-525A partially inhibited aminopyrine 
demethylation. Nakatsugawa (1964) found that SKF-525A partially inhibited 
cockroach fat body enzymes activating parathion. 
Orrenius (1965b) studied the microsomal fractions of rat liver at 3, 6, 
12, and 24 hours after a single injection of phénobarbital. A centrifugation 
technique was used which separated the smooth surfaced from the rough surfaced 
microsomes. A rapid increase in the levels of the carbon monoxide binding 
pigment, TPNH-cytochrome c reductase activity, and aminopyrine demethylation 
activity began at 3 hours, and ended at about 12 hours. The rough surfaced 
microsomal fraction contained essentially all of the induced systems and the 
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increase in activily occurred entirely in that fraction until 6 hours after the 
injection. After 6 hours the induced systems began to gradually appear in the 
smooth surfaced microsomal fraction and very gradually decrease in the rough 
surfaced microsomal fraction. Orrenius (1965b) concluded from these experi­
ments and from work done in other laboratories, that it is conceivable that the 
process of induction of drug metabolizing microsomal enzymes occurs by the 
synthesis of new protein by the rough surfaced endoplasmic reticulum which, 
when it is saturated with enzymes, loses its ribosomes and becomes modified 
as smooth surfaced endoplasmic reticulum. 
These conclusions definitely enhance tîie available evidence, as reviewed 
by Orrenius (1965a and b) and Shuster (1964), that microsomal drug metabolizing 
enzymes exist as components of the endoplasmic reticulum membranes and of 
the smooth surfaced endoplasmic reticulum. 
A further consideration in studying the site of parathion activation is 
that the fat body of the American cockroach is populated with symbiotic, rod 
shaped bacteria of the genus Corynebacterium (Gallagher, 1962). The bacteria 
are intracellular symbionts which are passed transovarially from generation to 
generation (Brooks, 1963; Bush and Chapman, 1961; Gallagher, 1962). The 
symbiotic bacteria, sometimes referred to as "bacteroids, " have been examined 
by a number of workers for their possible role in the cockroach's physiology. 
Although some workers have claimed to have isolated the bacteria by simple 
culture methods (Gallagher, 1962; Pierre, 1962), Brooks (1963) feels that 
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successful isolations in simple cultural media are unlikely. 
No study has been made to examine the possible role of the bacteria in 
insecticide metabolism although the insecticide lindane is known to reduce their 
numbers (Harshbarger and Forgash, X964), These authors also state that the 
uric acid content of the fat body is inversely related to the symbiont population 
and that in their American cockroaches, there was an average of more than 
800,000 symbionts per milligram of fat body. A number of methods have been 
used to rear aposymbiotic cockroaches. For example, Gallagher (1962) used 
a lengthy feeding of a mixture of Aureomyci^and Terramyci^in a standard diet. 
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MATERIALS AND METHODS 
Parathîon preparation 
Technical parathion (0,0-diethyl O-^-nltrpphenylphosphorothionate) 
(M. W. 291.3) was obtained from the Nutritional Biochemicals Corporation, 
Cleveland, Ohio, and the American Cyanamid Co., Princeton, New Jersey, and 
was carefully purified (Nakatsugawa and Dahm, 1965). The parathion was washed 
with Skellysolve A, dissolved in ether, washed with 10% aqueous NagCOg, dried 
with anhydrous Nag80^, and filtered through an Attapulgu^lay-Hyflo Super-CeP 
column (2:1). The ether was then evaporated. The washed parathion was 
crystallized from 1 to 7 times from absolute ethaqol at about -15° C. Samples 
less thoroughly crystallized were purified by elùtion from a silica gel column 
with chloroform. Once the parathion had been purified, care was taken to protect 
it from sunlight. Stock solutions of parathion (10 ^M) were made in absolute 
ethanol containing 1% Triton X-100 (Rohm and Haas Çq,, Philadelphia, Penn­
sylvania). 
Preparation of cockroach fat body homogenates 
American cockroaches were reared in galvanized wash tubs (Dahm, 
1955). Small inverted paper cups were used as shelter for the cockroaches. 
Fresh water and Purina rat chow pellets were added whenever needed. Two 
tubs of cockroaches were used as a source of adult female cockroaches of known 
age. Adult female cockroaches were separated from these tubs twice a month 
and transferred to clean plastic boxes measuring 14 1/2 x 10 1/2 x 6 inches 
(Bradley Industries, Inc., Franklin Park, Illinois). The plastic boxes contained 
a layer of sawdust, two water jars, a number of paper cup shelters, and a paper 
cup containing rat chow pellets. In general, the rearing room was kept at 80°F. 
and 40% relative humidity. The windows were shaded and there was no provision 
for a regulated light-dark cycle until late in the program when a twelve hour 
cycle was installed. 
Female cockroaches were used for the e]q)efiments three to eight 
months after molting to an adult. Fat body tissue was collected by dissecting the 
cockroach in a paraffin-lined Petri dish filled with a 0.25 M sucrose solution 
buffered with 0.01 M phosphate buffer. A binocular microscope was used during 
the dissection. The legs and wings were clipped from the cockroach and it was 
pinned upside down in the dish. The ventral surface was cut from the posterior 
tip to the neck and the body wall was spread open and fastened with insect pins. 
The gut was cut near the anus., lifted out, and dropped in the dish. Hie ovaries 
and large tracheae were removed and discarded. As many segments of Mal-
phigian tubules as possible were pulled from the fat body and discarded. The 
fat body was collected in the last step of the dissection by lifting it out in masses 
with a pair of fine forceps. The fat body was placed in a small aluminum foil 
boat floating on an ice bath. From five to twenty cockroaches were dissected 
for one experiment. 
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After a sufficient quantity of fat body was collected, it was blotted on 
Whatman No. 120 Drop Reaction filter paper and weighed. The fat body was 
homogenized in eight times its weight of cold 0.25 M sucrose solution buffered 
with 0.01 M pH 7.4 phosphate buffer, by making 15 to 20 passes with a glass 
homogenizing tube and loosely fitting motor driven Teflon pestle. After homo-
genization, a volume of 1.75 M sucrose solution, buffered with 0.01 M phos­
phate buffer, pH 7.4, equivalent to the fat body weight (ml. = gm. ), was added 
and the homogenate was poured repeatedly between two containers until mixed. 
Portions of the homogenate were saved for enzyme assay. The remainder was 
pipetted in 2 ml. aliquots into cellulose nitrate centrifuge tubes (Beckman 
Instruments, Spinco Division, Fullerton, California, Tube No. 303369), and 
the tubes were capped and placed in a Spinco No. 40 centrifuge rotor chilled to 
about 4°C. and fitted with plastic adapters (Beckman Instruments, Spinco 
Division, Adapter No. 303376). The rotor was placed in a Beckman Spinco 
Model L centrifuge and spun for 10 minutes at about 2130 rpm., with a maxi­
mum gravitational force of about 390. 
The supernatant from the first centrifugation was decanted and made 
to the original volume of the homogenate centrifuged by adding a cold sucrose 
solution consisting of 9 parts of 0.25 M sucrose and 1 part of 1.75 M sucrose. 
Both solutions were buffered with 0.01 M phosphate buffer, pH 7.4. Portions 
of the supernatant were used for assays of parathion activation and cytochrome 
oxidase and the remainder was distributed in 2 ml. aliquots to fresh centrifuge 
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tubes for the second centrifugatLon. 
The second centrifugation period lasted 120 minutes at about 2780 rpm. 
with a maximum gravitational force of about 650. The supernatant was care­
fully removed with a pipette, made to the original volume, and portions were 
used for assays of parathion activation and cytochrome oxidase. The remainder 
was distributed in 2 ml. aliquots to fresh centrifuge tubes for the final centri­
fugation. 
The third centrifugation period lasted 45 minutes at about 25,600 rpm. 
with a maximum relative gravitational force of about 55,859. The supernatant 
was decanted and used for assays of parathion activation and cytochrome oxidase. 
The pellets from each centrifugation were resuspended in sucrose 
parts 0.25 M; 1 part 1.75 M) with an Araldite pestle made to loosely fit the cen­
trifuge tubes. The pestle was rotated by hand. The suspensions were made to 
the volume of the homogenate or supernatant from which they were prepared and 
portions were saved for parathion activation and cytochrome oxidase assays. 
Two milliliters of each suspension were placed in fresh centrifuge tubes and 
centrifuged for 45 minutes at 25,600 rpm. and the pellets were prepared for 
electron microscopy. 
Enzvme assavs for parathion activation 
Samples of homogenates were assayed for parathion activation by 
incubating 30 minutes at room temperature (about 23°C, ) in screw-top test 
tubes. The incubating mixtures were not shaken except for brief agitation to 
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thoroughly mix the components. The incubation mixture was made to 2 ml. and 
consisted of 0.5 ml. of heated and centrifuged fat body supernatant fraction, 0.5 
ml. of fat body homogenate or suspended fraction, and 1 ml. of distilled water 
containing enough of the following to make final concentrations as indicated: 
parathion (2.5 x 10"^ M), NADPHg (3 x 10"^ M), nicotinamide (0.01 M), 
KCl (0.15 M) , NagHPO^ (8 x 10"^ M), and KHgPO^ (2 x lO'^ M). After about 
20 minutes the tubes were capped, and after 30 minutes they were swirled for 
1 minute in boiling water, and then were swirled in cold water. The samples 
were stored frozen until they were assayed. 
The heated and centrifuged fat body supernatant used in the activation 
was prepared from a 20% homogenate of fat bodies in a 0.25 M sucrose solution 
buffered with 0.01 M phosphate buffer (1 part fat body; 4 volumes sucrose). The 
suspension was centrifuged for 10 minutes at about 390 x g. max. and the super­
natant was heated for one minute in a boiling water bath and then centrifuged to 
sediment the denatured protein. The supernatant was made tP the original 
volume with 0.25 M sucrose before use. 
Paraoxon from parathion activation was detected and measured in a 
Warburg manometric apparatus (Umbreit et^., 1957; Nakatsugawa and Dahm, 
1965). 
The substrate, 0.3 ml. of 0.01 M acetylcholine iodidç, was added to the 
flask sidearm and 0.5 ml. of the anticholinesterase sample was added to the 
main compartment. One milliliter of a suspension of a fly head acetone powder 
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containing acetylcholinesterase was added to the main compartment as were 1.2 
ml. of bicarbonate buffer, pH 7.4. The venting tubes were placed on the flasks 
and the flasks were mounted on the manometers. 
Twenty minutes after mixing the acetylcholinesterase and anticholin­
esterase sample, the manometers were transferred to a 37° C. water bath, were 
flushed with a 95%-5% nitrogen-carbon dioxide gas mixture for 5 to 10 minutes, 
and the venting tubes were closed. Fifty minutes after mixing the enzyme and 
the sample, the contents of the sidearm and main compartment were tipped 
together and readings of manometer levels in the open manometer arm were 
made at 10, 30, and 50 minutes after tipping, by restoring the level in the closed 
arm to a calibrated point. 
Three flasks, one with 3 ml. distilled water, one with distilled water 
replacing the acetylcholinesterase and sample, and one with distilled water 
replacing the acetylcholine and sample were always included to provide controls 
for atmospheric and other non-enzymic effects. Three or four flasks were 
prepared with 0.5 ml. of an incubation mixture in which the fat body enzyme 
source had been replaced with a phosphate-buffered sucrose solution or distilled 
water. These latter flasks provided a maximum acetylcholine hydrolysis by 
acetylcholinesterase and therefore a maximum carbon dioxide evolution from 
the bicarbonate buffer in response to acetic acid liberated by the hydrolysis. 
Calculations of per cent inhibition of acetylcholinesterase were compared with 
those plotted on a standard curve for known concentrations of paraoxon and the 
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amount of anticholinesterase equivalent to paraoxon per milliliter of the incubation 
mixture was calculated. 
The bicarbonate buffer contained, per liter, 2.101 gm. NaHCOg, 
8.133 gm. MgCyGHgO, and 8. 768 gm. NaCl.. Carbon dioxide was bubbled 
through the solution until the solution was about pH 7. 
The acetone powder containing acetylcholinesterase was prepared from 
4-day old house flies (Nakatsugawa and Dahm, 1965). The flies were frozen at 
-15° C. and vigorously shaken in a carton to separate the bodies, heads, wings, 
and legs. The heads were collected, macerated in an Omni-Mixer with distilled 
water, and homogenized with a motorized Teflon pestle and glass homogenizer. 
The homogenate was filtered through four payers of cheese cloth and water was 
added to make a volume ten times the weight of the fly heads (ml. = gm. ). The 
10% homogenate was centrifuged for 10 minutes at about 2,500 x g. av., and 
the supernatant was filtered through a cotton plug, acid centrifuged at 105,000 x 
g. av. for one hour in the Spinco Model L centrifuge (rotor No. 40), 
The pellets were collected and dried with silica gel in a vacuum. The 
residue was ground with an agate mortar and pestle, and washed with acetone. 
The acetone powder was resuspended in distilled water 3jad let stand overnight 
and was again homogenized before use. The homogenate was filtered through a 
cotton plug and made to an appropriate dilution for use. About 7 mg. of powder 
per 18 ml. of homogenate was necessary to give 180^1. of carbon dioxide as 
a maximum in the procedure. Extra powder was stored in a dessicator at 4°C. 
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Enzyme assays for cytochrome oxidase 
A colorimetric assay, based on the loss of the 550 ny. band of reduced 
cytochrome c as oxidation proceeds, was used to estimate levels of cytochrome 
oxidase (Cooperstein and Lazarow, 1951). One-h&lf milliliter of a cockroach 
fat body enzyme source was mixed with 2.5 ml. of reduced cytochrome c. 
Reduced cytochrome c was prepared by adding 0.1 ml. of a freshly prepared 1.2 
M sodium hydrosulfite solution to 30 ml. of a 6.8 x 10"® M solution of cytochrome 
c. The solution was then shaken unstoppered in the dark for 15 ininutes. 
The change in optical density was recorded on a Bristol Dynamaster 
recorder connected to a Beckman Model DB recording spectrophotometer set on 
550 ny. with a slit width of about 20 mm. The recording was made for at least 
2 minutes in all samples, after which a few crystals of potassium ferricyanide 
were added to the cuyette, the contents mixed, and another reading, that of 
oxidized cytochrome c, was made. The following equation was used to express 
the results: 
A log, (ferrocytochrome c? = 
At 
log(Dt^ - Dqx) - log(Dtg - Dqx) X Snal tissuà dilution 
The term "final tissue dilution" was used in this experiment as the homogenate 
concentration before addition to the cytochrome c solution. The final tissue 
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dilution in most fat body homogenates was 10. The original homogenate, the 
first pellet, and the supernatant from the first centrifugation usually had to be 
diluted 16 times before the assay could be performed. In this case, the final 
tissue dilution would be 160. Whenever possible, duplicates of this assay were 
run and the results were averaged. 
Techniques for light microscopy 
Adult female cockroaches were frozen at -X5^C. snd the abdominal 
cuticle was removed. Some of the frozen abdomens were dropped into a vial 
of cold glutaraldehyde fixative (pH 7) containing, per liter, 250 ml. of an 
aqueous 25% solution of glutaraldehyde (Eastman QrgWc Chemicals, Rochester, 
N. Y.)» 200 ml. of a 0.1 N HCl solution, 5.88 gm, sodium barbital, and 3.88 
gm. sodium acetate. Other abdomens were fixed, in thç same manner, in cold 
Carnoy's fixative (Davenport, 1960) consisting of 1 part glacial acetic acid and 
3 parts absolute ethanol. The fixation period lasted from 45 tp 60 minutes in 
the cold. 
Abdomens fixed in glutaraldehyde were dehydrated in 45 minute steps 
in a cold ethanol series consisting of 50, 70, 80, 95, and 1Q0% ethanol. Abdo­
mens fixed in Camoy's fixative were dehydrated in 45 minute steps in cold 80, 
95, and 100% ethanol. Following ethanol dehydration, both samples were 
washed for 45 minutes each in three changes of n-butyl alcohol and were allowed 
to warm to room temperature in the final change. 
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The fixed and dehydrated abdomens were embedded in paraffin (Fisher 
Scientific Company, Chicago, Illinois, Tissuemat, SS'^C. ) by soaking in four 
changes of paraffin for 2 hours, overnight, 4 hours, and finally 2 hours in a 
vacuum oven. After the blocks had cooled, they were trimmed and soaked in 
36 parts water, 54 parts 95% ethanol, and 10 parts glycerine for several days 
before sectioning. 
Sections were cut at thicknesses of 6r-8jx., were mounted on glass 
slides, and were stained with the Feulgen and fast green, Schiff-PAS, 
bromphenol blue, methylene green and pyronine B, and Gram stains as described 
by Davenport (1960). 
Techniques for electron microscopy 
Cockroaches were injected in the abdomen with an ice cold glutaralde-
hyde fixative and placed in a refrigerator for two hours. Ihe glutaraldehyde was 
made up as a 4,17% solution with 0.1 M sodium cacodylate and 0,008 M CaClg. 
After two hours, the fat body was dissected from the roaches while immersed in 
cold, fresh glutaraldehyde solution, was minced with a Gillette thin razor blade, 
and then swirled in fresh cold glutaraldehyde solution until four hours after 
injection of the cockroach. 
The glutaraldehyde was removed and the tissue was swirled for 10 
minutes in cold 0.25 M sucrose also containing 0.1 M sodium cacodylate and 
0.008 M CaClg. The sucrose was removed and the tissue was swirled for three 
hours in a cold 1% OSO4 solution also containing 0.1 M sodium cacodylate and 
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0.008 M CaCl2. The dehydration of the tissue progressed, with shaking, at 15 
minute intervals through a room-temperature ethanol series consisting of 50, 
70, 95, and 100% ethanol. Two absolute ethanol changes were used. The tissue 
was swirled in two changes of propylene oxide for 10 to 15 minutes each and was 
then placed in an equal parts mixture of Ars-ldite 502 and propylene oxide. After 
an hour, another volume of Araldite was added and the mixture was shaken over­
night. 
The next morning, the tissue in the Araldite-p^opylene oxide bath was 
placed in a vacuum dessicator and subjected to a mild vacuum for 10 to 30 
minutes to remove the propylene oxide. The tissue W9.s transferred to dried 
number two gelatin capsules, the capsules were filled with Araldite, and 
polymerized for three days at 60°C. 
The Araldite embedding process was essentially planned as suggested 
by Luft (1961). Twenty-seyen grams of Araldite 502 (Ladd Rese3.rch Industries, 
Inc., Burlington, Vermont) were thoroughly mixed with 23 grams of dodecenyl 
succinic anhydride (DDSA). The mixture was divided, half being saved in a 
refrigerator for use in embedding, and the other half being mixed with DMP-30 
(tridimethylaminomethyIphenol, Rohm and Haas, Philadelphia, Pennsylvania) 
for use in the propylene oxide-Araldite baths, DMP-30 was added to the warmed 
Araldite-DDSA mixture just before use in embedding and was used in concen­
trations of 1.5 to 2.0% by volume. 
Centrifugal fractions were prepared for electron microscopy in 
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much the same mamier as the fat body tissue. After resuspension of the 
centrifugal pellets and sampling for parathion activation and cytochrome 
oxidase, thç pellets were reformed by centrifugation at about 25,600 rpm. 
(55,859 X g. max. ) for 45 minutes. Cold glutaraldehyde solution was added 
to the tubes and after two hours the pellets were removed and minced with a 
thin Gillette razor blade in a drop of fresh glutaraldehyde. The pieces were 
swirled in cold fresh glutaraldehyde for the remaining time of the four hour 
glutaraldehyde fixation period. The rest of the fixation was the same as the 
fat body tissue. 
Before sectioning, the embedded pieces of the centrifugally prepared 
pellets were trimmed to a small block and fastened to a short length of a 
wooden dowel with an epoxy resin glue (Plastic Steel, Devcon. Corporation, 
Danvers, Massachusetts) so that sections out from the pellet would span the 
depth of the pellet. 
Silver to grey sections were cut onto distilled water with glass and 
diamond knives using an ultramicrotome and were gently expanded with chloro­
form vapors. The sections were supported on Pormvar or carbon coated 
Parlodion films on 200 mesh and 300 x 75 mesh Athene copper grids, Uranyl 
acetate and lead citrate (Reynolds, 1963) were used to stain the sections. 
Saturated uranyl acetate was prepared freshly before use by shaking in an 
equal parts mixture of absolute methanol and 70% ethanol for one hour. After 
15 minutes in uranyl acetate, the grids were washed with 70% ethanol and 
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allowed to dry. Lead citrate was used as a stock solution in a dessicator jar 
with exposed NaOH crystals. After 5 minutes in the lea,d solution, the grids 
were washed with a COg-free 0.02 N NaOH solution for 15 to 20 seconds, 
washed with COg-free distilled water, and allowed to dry. Some sections were 
stained for one hour with aqueous uranyl acetate and for 30 minutes with lead 
citrate. 
Electron micrographs were made with tl^e RCA electron microscopes 
EMU 3F at 50 and 100 KEV. and the EMU 2A at 50 KEV. 
Antibiotic feeding studies 
Six sets of thirty female and five male adult American cockroaches 
were placed in six cages for antibiotic feeding studies. The basic cage unit was 
a 1/2 gallon circular paper can, five inches in diameter (Carpenter Paper Co., 
Des Moines, Iowa) closed at each end by 1/4 inch mesh hardware cloth. Copper 
screen lined the inside of the paper can. The cage was placed on a square block, 
6 X 6 in., with holes drilled so that two 1 inch diameter 8tender dishes would 
extend about 1/8 inch above the block's surface. One 8tender dish was filled 
with shredded paper towels and water. The other 8tender dish was filled with 
a weighed amount of an antibiotic-containing diet based on that described by 
Gallagher (1962). An equal parts mixture of Aureomycii^nd Terramyci:^^as 
added to make concentrations of 0, 2.5, 5, 7.5 and 10% in a diet containing 1 gm. 
dextrose, 2 gm. Brewer's yeast, antibiotic, and enough Purina rat chow meal 
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to make a total weight of 42 gm. The 10% antibiotic feeding was done in dupli­
cate. 
The food and water were changed at one or two day intervals, the egg 
capsules were collected, washed, and weighed, and the amçunt of food consumed 
was measured by observing the weight decrease in the food dish. Egg capsules 
were stored in small vials and the date of ^mergence aqd number of young cock­
roaches emerging was noted. 
Fat body tissue from these cockroaches was fixed in Bouin's fixative 
(Davenport, 1960) for Ijght microscopic examination and was also tested for 
parathion activation. 
Fat body tispue from normal cockroaches was treated as described by 
Pierre (1962) to externally sterilize the tissue for symbiont isolation studies, 
A sterile water homogenate of the sterilised fat bodies was inoculated with 
aseptic techniques into 2% lactose broA and incubated for 24 to 48 hours at 30°C. 
Some of the broth was then streaked onto sterile laçtose aga,r plates which were 
then returned to the incubator. Anaerobic conditions were achieved by using 
an unmixed 0.05-0. S% slurry of agar in a flask, by mixing alkali and pyrogallol 
in a Spray dish sealed with a lactose agar plate, and by tiie use of Brewer's 
medium containing sodium thioglycoUate in a Petri dish fitted with a Brewer 
anaerobic cover. 
Egg capsules and whole nymphal cockroaches were also sterilized with 
Pierre's (1962) method, with a weak Chlorox solution or with 70% ethanol. The 
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sterilized material was rinsed with sterile water and was squashed in sterile 
lactose broth. These homogenates were also used to attempt to culture the 
symbionts. 
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RESULTS AND DISCUSSION 
The site of parathion activation 
These ejqperiments did not permit a definite identification of the sub­
cellular site of parathion activation in the cockroach or in the cockroach fat 
body. As indicated in the Review of Literature, only fragmentary information 
concerning the role of fat body in insecticide metabolism is available. The 
preparation of a microsomal fraction, characterized only by its morphology 
and separation from cytochrome oxidase, is insufficient evidence for the site 
of activation in the intact organ. 
The evidence which can be gatiiered at present indicates that in cock­
roach fat body homogenates, parathion activation is accomplished by microsomal 
enzymes in a fraction which, in the main, has the morphology that would be 
expected following centrifugation of a disrupted membrane system. The 
symbiotic bacteria inthe fat body do not appear to be important in the in vitro 
activation of parathion. 
Most of the microsomal fragments are studded with ribosomes although 
some smooth fragments are present. In the case of a relatively abundant 
enzyme, one might be justified in assuming that the m^jor cellular fragment 
is the one bearing the enzymes. The apparent activity of the parathion acti­
vation enzyme system is, however, quite low, and therefore the risk is quite 
high that the morphological examination will fail to emphasize the appropriate 
cellular fragment. 
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In addition, the parathion activation system is too poorly understood 
to know with certainty the character or importance of various components or 
factors in the reaction sequence. Later sections of this discussion will present 
these circumstances in greater detail, but the two principle difficulties are, 
namely, that the parathion activation activity in the homogenates seemed to 
increase after a mild centrifugation and that the activity in the resuspended 
microsomal pellet could (and sometimes could not) be measured only after the 
addition of an unidentified, heat-stable, soluble factor. Each of these diffi­
culties was observed by Nakatsugawa and Dahm (1965), except that the 
unidentified supernatant factor seemed, under their conditions, to be necessary 
only with more dilute microsomal suspensions. 
Homogenization of the fat body and pellets 
Only one method of homogenization was tried, jthàt of using a motorized 
Teflon^pestle\Wth"aglass homogenizing vessel. ïhe success of the homogeni­
zing process depended not only upon the pestle rotation, but also upon the extent 
of its vertical travel. Hence, when homogenized fat body was needed, it was 
prepared in a homogenizing vessel which would be nearly filled with the 
homogenizing medium and therefore permit considerable up and down motion 
of the pestle. The fat body tissue was readily homogenized. Under the con­
ditions employed, only ten passes of the homogenizing pestle were necessary 
to homogenize the fat body and nothing was gained or lost with up to eighty 
passes. 
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Preliminary experiments suggested that high sucrose concentrations 
might adversely affect the homogenization process by decreasing parathion 
activation activity. Although this was never studied in detail, homogenization 
in 0.25 M sucrose and addition of 1. 75 M sucrose was retained as a method of 
varying the sucrose concentration rather than homogenization and centrifugatlon 
in a single and more concentrated sucrose solution. 
Three methods of resuspending the pellets from the centrifugatlon were 
tried. Some of the pellets were loosely packed and could be dispersed by swirl­
ing with a glass rod. Other pellets were more tightly packed and so all pellets 
were resuspended with Araldite pestles made to loosely fit the centrifuge tubes. 
Twirling the pestle with the fibger tips, rather than using a stirring motor, was 
a more gentle but equally effective method. 
The homogenization medium 
Some attention was given to improving the centrifugal fractionation by 
adjustments in the solutions used for preparation and centrifugatlon of the 
tissue suspensions. Sucrose was chosen as the basic component. Unlike the 
sucrose solutions used with mammalian tissue homogenates, it was necessary 
to buffer the solutions used in these experiments. Unless a suitable buffer was 
included, parathion activation enzymes were pelleted very quickly, all being 
removed from the supernatant after ten minutes at about 340 x g. max. Borax, 
cacodylate, tris, and various concentrations of phosphate buffer were tested. 
Borax and cacodylate were not suitable as ttiey either decreased the separation 
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of parathion activation enzymes and cytochrome oxidase or lowered their 
activities. Tris buffer, 0.05 M, and 0.01 M phosphate buffer seemed, in one 
experiment, to be quite similar. The addition of 1 mg,/ml. of lyophilized and 
recrystallized bovine serum albumin to these buffers seemed to cause a decrease 
in the separation of parathion activation enzymes and cytochrome oxidase and 
was not used in further experiments. 
Phosphate buffer was used in most of the ejqperiments. Seven experi­
ments , with various sucrose concentrations and various combinations of rotor 
speed and centrifugation time, were made to compare the effectiveness of 
different buffer concentrations. The separation of cytochrome oxidase and 
parathion activation enzymes often seemed to be better with 0.05 M phosphate 
buffer than with 0.01, 0. 025, or 0.10 M. However, the activity of these enzymes 
often seemed somewhat less in the more concentrated buffers and 0.01 M 
phosphate buffer was finally chosen as a buffer when no one concentration 
appeared to present a clear advantage. Despite the presence of about pH 7.4, 0,01 
M phosphate buffer, the pH of the crude homogenate, supernatants, and the first 
pellet derived during the centrifugation, ranged between 6.4 and 6.55. Later 
pellets assumed the pH of the buffered sucrose used to re suspend them. Mixing 
the homogenate s with components of the parathion activation assay system as 
described in Materials and Methods resulted in a pH of about 7.0. 
Polyvinylpyrrolidone was used by Novikoff (1956) to aid in the preser­
vation of mitochrondial morphology. In these experiments polyvinylpyrrolidone 
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was used as a 7.3% solution in 0.25 M sucrose buffered with 0.01 M phosphate 
buffer. The centrifugation properties of this homogenate were compared with 
similar phosphate-buffered sucrose solutions without polyvinylpyrrolidone. All 
of the measurable parathion activation appeared in the first pellet after 5 
minutes centrifugation at about 340 x g. max. and the measurable activity was 
quite reduced as compared with the sucrose without polyvinylpyrrolidone. The 
parathion activation activity in the centrifugation not incorporating polyvinyl­
pyrrolidone appeared to a significant extent in four pellets, the last being pre­
pared by 15 minutes of centrifugation at about 6880 x g. max. 
Fat body tissue placed in sucrose containing phosphate buffer and poly­
vinylpyrrolidone was quite firm as compared with fat body in phosphate buffered 
sucrose. Homogenization of the polyvinylpyrrolidone-treated fat body for 1, 5, 
and 10 minutes did not increase the parathion activation present in a pellet after 
5 minutes centrifugation at 2000 rpm., but did slightly decrease the amount of 
parathion activation. Polyvinylpyrrolidone was not used in future e:q)eriments. 
Cockroach saline (Roeder, 1953) was used in a single experiment. A 
mixture of one part fat body, one part 0.25 M sucrose and seven parts 1.753 
M sucrose buffered with 0.01 M phosphate buffer and one part saline was com­
pared with one part fat body, three parts 0.25 M sucrose, and six parts 1.753 M 
sucrose also buffered with phosphate. The cockroach saline did not noticeably 
improve the fractionation and it was not used in the final experiments. The 
cockroach saline contained per liter, 10.93 gm. NaCl, 1.57 gm. KCl, 0.85 gm. 
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CaClg X 2 H2O, and 0.17 gm. MgClg x 6 HgO. 
Schonbrod et al. (1965) have written that 0.15 M KCl was necessary 
for the successful preparation of house fly microsomes. The basic centri-
fugation scheme used KCl with unbuffered 0.25 M sucrose. The paper did not 
contain, either in cited literature or in e3q)erimental evidence, any justification 
for their use of the term "microsome. " I performed a single experiment using 
0.25 M sucrose solution buffered with phosphate buffer, with and without 0.15 M 
KCl, but it did not demonstrate any significant advantage by the use of KCl. It was 
quite obvious that KCl was much less important than a buffer and no further use 
of KCl was made. 
Most attention in modification of the centrifugation medium was given 
to the sucrose concentration. Centrifugal fractionation procedures of animal 
tissues have employed a variety of sucrose concentrations. Mixtures of two 
sucrose concentrations, namely 0.25 M and 1.75 M were used as an economical 
and rapid method of providing a wide range of sucrose concentrations. 
Several experiments indicated that parathion activation enzymes and 
cytochrome oxidase tended, with the same force and time combination, to be 
sedimented more rapidly in less dense sucrose and less rapidly in more dense 
sucrose. No sucrose concentration tried, however, permitted separations of 
these enzymes by force and time combinations comparable to those used with 
mammalian tissue homogenates. As suggested in previous discussions, none 
of the various reagents added to tiie sucrose solutions, except some buffers, 
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made any significant changes in the centrifugation characteristics of the fat 
body homogenates in sucrose. 
The combination described in Materials and Methods, in which 1 part 
fat body was homogenized in 8 parts 0.25 M sucrose to which 1 part of 1.75 M 
sucrose was added, was finally chosen as no other combination demonstrated 
any significant advantage. 
Operation of the centrifuge 
The gravitational force developed by the rotor and the length of time " 
that it was applied had considerable effect upon the fractionation of the homoge­
nates. The tendency of insect tissue to sediment very rapidly made the selection 
of the proper force and time very important. 
Most centrifugal fractionations of insect tissue homogenates, as those 
of Schonbrod et al. (1965) and Nakatsugawa and Dahm (1965), used very short 
times with low gravitational forces. This practice presents difficulties in 
setting most laboratory centrifuges to run for very short period of time and 
very low speeds. With a 5 or 8 minute centrifugation time, variations of 15-30 
seconds represent a sizable error and can be expected to produce erratic 
results. The same effect can be expected from the use of very low centrifu­
gation speeds. An essential problem, therefore, in centrifugal fractionations 
with insect tissue homogenates, is to establish conditions which will tend to 
minimize errors in the settings determining the rotor speed and rotation time. 
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The procedure described in Material and Methods has eliminated some 
of the error factor in the critical second centrifugation step. The force gener­
ated by the spinning rotor has deliberately been made quite low in order to permît 
a long period of centrifugation. The centrifuge speed settings were calculated 
from the measurements of the rotor revolutions. The relative gravitational 
forces cited in the thesis have been computed with the revolutions per minute 
figure derived from the rotor rotations recorded on an odometer and the time 
set upon the time control of the centrifuge. Therefore, the time of acceleration 
of the rotor to its top speed and the time of operation at that speed are included 
in the time factor. The time for the rotor to slow down and stop is not included 
in the time, but all three phases of rotation are contained in the estimate of 
rotor rotations. The Spinco Model L centrifuge was always operated with the 
brake control engaged. 
Despite these precautions, the relative gravitational forces actually 
occurring in the experiments were usually quite different than the intended 
forces. The first force averaged 525 x g. max. in nine experiments and ranged 
from 389 x g. max. to 715 x g. max. as compared with an intended force of 390 
X g. max. The second force averaged 724 x g. max., ranged from 643 x g. 
max. to 852 x g. max., and was intended to be 650 x g. max. These variations 
in gravitational force indeed are important but variations within this range did 
not consistently seem to cause poor results. 
It would, however, be wrong to suggest that the rotor speed and 
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operating time are the only important factors. The composition and temper­
ature of the centrifugation medium and the concentration of the homogenized 
tissue are also of considerable importance. 
Enzyme assays for parathion activation 
As found by Nakatsugawa and Dahm (1965), whole, uncentrifuged homoge-
nates of fat body always gave a lower activation than the supernatant resulting 
from the first centrifugation. Table 1 of the Appendix presents data illustrating 
the increase in activation enzyme activity upon the first centrifugation. This 
would, as suggested by Nakatsugawa and Dahm (1965), imply that the first or 
debris fraction contains some factor which interfered with parathion activation 
or its assay. 
Little evidence was gathered in this study that might help to provide an 
understanding of the nature or reason of the interference. The debris pellet, as 
shown by the appearance of the pellet, enzyme assays, and electron micrographs 
(Figures 12-19, Appendix) consists of most of the uric acid, most of the bacteria, 
perhaps half of the mitochondria, and probably most of the nuclei and unbroken 
cells, if any. Glycogen particles and membrane profiles also appeared in the 
debris pellet. 
The presence of an interfering factor tends to make the true amount 
of parathion activation in the whole homogenate and debris pellet an unknown 
quantity. Consequently, the only chance to provide a quantitative account of 
the fractionation of the parathion activation enzyme is to discard the first pellet 
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and make comparisons only with the supernatant from the first centrifugatlon. 
This procedure, however, removes several important homogenate components 
from consideration. 
The presence of the interfering factor also violates one of Roodyn's 
(1965) criteria for assessing differential fractionations of homogenate s, namely, 
that "during the fractionation of the homogenate, no serious activation or 
inactivation of an enzyme should occur. " Roodyn (1965) also has written, "If 
the recovery is absurdly high or low, it is obvious that the fractionation is of 
little value. " 
The enhancement of parathion activation activity after a mild centrifu-
gation was probably the result of removal of a masking effect by some cellular 
component contained in the debris fraction. The true enzyme activity is probably 
estimated fairly well by the supernatant of the debris fraction. None-the-less, 
it must be admitted, that without knowledge of the nature of the masking or 
inactivation effect, the present study is not based on adequate quantitative data. 
Roodyn's (1965) criteria include the necessity for work with a known 
enzyme system. This standard is not met as evidenced by parathion activation 
losses in the resuspended microsomal pellet. 
In most cases, the sum of parathion activation activities in the micro­
somal pellet and microsomal supernatant are much less, often from 80 to 100% 
less, than the activity of the mitochondrial supernatant from which the micro­
somal fractions were prepared. A factor essential for in vitro parathion 
activation is lost to the microsomal supernatant. Therefore, the microsomal 
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parathion activation system has been further fractionated, into a particle-bound 
enzyme or enzyme system, and an unknown,- soluble factor needed for the 
reaction. The soluble factor appeared to be resistant to one minute of swirling 
in boiling water and was not present in excess as its dilution lowered the activity 
of the preparation. 
Nakatsugawa and Dahm (1965) also described an experiment which indi­
cated the presence of an unknown soluble factor which appeared in the microsomal 
supernatant. Their experiments, however, suggested that the factor was limit­
ing only when the microsomal concentration was lower than 10%. In the present 
study, however, the loss of the soluble factor was found with a 10% microsomal 
concentration. 
Table 1 (Appendix) presents some of the data obtained from the centri­
fugal fractionation of parathion activation enzymes and cytochrome oxidase by 
the method described in Materials and Methods. The values reported in the 
table are percentages of the activj^ of the supernatant of the debris fraction. 
Although the activity of the whole homogenate was nearly always determined, 
the homogenate was always very thick and white with uric acid crystals and 
would rapidly change composition as the uric acid settled. The supernatant 
of the debris pellet, or, in other words, the supernatant after the first centri-
fugation, was free of uric acid and much more easily handled in a quantitative 
manner. 
As shown in Table 1 (Appendix), the microsomal pellet contained most 
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of the parathion activation enzyme activity whereas the mitochondrial pellet con­
tained most of the cytochrome oxidase activity. This, however, could not be 
determined directly unless heated microsomal supernatant was added to the 
incubation mixture for activation. 
Light microscopy 
The preparation of cockroach fat body tissue for light microscopy was 
much more successful if the whole cockroach was frozen, the abdominal cuticle 
removed, and the whole abdomen dropped into cold fixative. If dissection pre­
ceded the freezing and fixing process, the fat body appeared as if much leaching 
had taken place. Injection of the fixative, although not tried, would have perhaps 
been as satisfactory or better than freezing the cockroach. 
The light microscope examination (Davenport, 1960) showed the fat body 
to be rather loosely organized into lobes containing little recognizable structure. 
Very large, usually spherical, nuclei were scattered about the tissue and were, 
in many lobes, surrounded by a clump of Feulgen positive bacteria, presumably 
from the genus Cornyebacterium (Gallagher, 1962). Sections stained by the 
Schiff-PAS method were intensely stained in some areas but not in others. The 
stained areas were quite continuous with each other within one lobe. In some 
areas, the stain solidly covered large areas of the tissue which appeared to be 
a structureless intermediate area. The Schiff-PAS stain probably reflected the 
great glycogen content of the fat body as demonstrated also in the electron 
micrographs. In addition,to a general, overall pink to red color, rather large 
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intensely stained globules were present, frequently on the periphery of the fat 
body lobes. The slides also showed lobes which contained large, irregularly 
shaped crystals which did not stain with any of the staining procedures tried 
and were possibly uric acid. The crystals would, in some lobes, ne^ly fill 
the lobe, but in others were scarce or did not occur. Glutaraldehyde fixation 
and the bromphenol blue stain also demonstrated the great diversity in the lobe 
contents—some being virtually packed with non-proteinaceous spherical inclu­
sions and others being quite empty. Methylgreen-pyronin B stain after 
glutaraldehyde fixation (Figure 1, Appendix) showed the same features as in 
other sections but also gave some clues to the wide distributions of RNA through­
out areas also stained with the Schiff-PAS and bromphenol stains. 
Figure 1 in the Appendix shows the relatively large, intermediate areas 
between fat body lobes. The pink cast given to these is indicative of RNA accord­
ing to Davenport (1960). Clusters of bacteria are also yisible, just to the right of 
center, and in other areas. They have been stained light blue and some of them 
show the circular nucleus of the fat body mycetocyte in the center. 
Electron microscopy 
The procedure for preparation of cockroach fat body tissue for electron 
microscopy was based on suggestions made by Dr. Michael Locke (1965), ^ 
^Locke, M. Development Biology Center, Western Reserve, Uni­
versity, Cleveland, Ohio. Electron microscopy of fat body tissue. Private 
communication. 
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Injections of cold glutaraldehyde fixative buffered with cacodylate buffer and 
embedding in Araldite were probably the most important differences between 
the most successful procedure and others tried. Methacrylate and methaerylate 
with divinylbenzene were much less satisfactory than Araldite. 
Electron micrographs of the fat body (see Appendix, Table 2, and 
Figures 2-34) showed much of the expected cellular structure. As in the light 
micrographs, the most striking feature was the degree of specialization or at 
least diversity which could exist in various, often closely associated areas of 
the fat body. Each electron micrograph has, in the lower right-hand corner, 
a bar representing one micron. 
Figure 2 is a relatively low power view of a large area of the fat body 
tissue. Figure 2 includes virtually every structure observed in the fat body 
except for the intracellular symbionts which are shown in Figure 4. A most 
striking feature of the fat body is its apparent specialization. Certain areas 
contain only glycogen, microtubules, and huge membrane-limited vesicles, 
appearing to be empty, filled with irregularly concentric layers, or with a 
homogenous moderately electron dense matrix. The lower center and right 
hand areas of Figure 2 and all of Figure 3 show these possible storage areas. 
Microtubules are evident in these areas but mitochondria, nuclei, or endoplasmic 
reticulum are not. Such storage areas which, presumably, would not constitute 
likely sites of parathion activation, are separated by intercellular boundaries 
from regions containing nuclei, mitochondria, endoplasmic reticulum, and 
oytolyspmes. 
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The "nucleated" areas of fat body also contain great amounts of glycogen. 
The nuclei (Figures 2, 7, and 9) are large and tend to be spherical or slightly 
elliptical, due, possibly, to an artifact created by sectioning. Mitochondria are 
abundant. Much of the endoplasmic reticulum seems to be studded with ribo-
somes and, hence, of the "rough" type. The endoplasmic reticulum occurs in 
isolated profiles, stacks, or swirls (Figure 2), 
The only major fat body component not shown in Figure 2 is the intra­
cellular symbionts, presumably bacteria of the genus Corynebacterium. A 
section of a large group is shown in Figure 4. Glycogen is abundant around the 
symbionts. The separation of cytoplasm from the bacteria is evidently an 
artifact. 
Cellular structure is seen in more detail in the "nucleated" areas 
(Figures 5 and 11). Microtubules, a number of mitochondria, and possible a 
cytolysome appear in Figure 5. As shown in Figure 5 and the other figures in 
this series, the rough endoplasmic reticulum is frequently surrounded by a 
rather electron dense, finely granular material. 
Smooth endoplasmic reticulum was not positively identified. However, 
a number of areas have small circular to elliptical profiles which may be 
smooth endoplasmic reticulum. Figures 5, 6, and 9 show more of these pro­
files, but other micrographs, including Figure 2, have examples of them. 
In Figure 8 a portion of a fat body cell shows such a profile, of the 
type suspected of being smooth endoplasmic reticulum (arrow), but with a few 
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ribosonaes attached to it. Adjacent cells have similar profiles or the more 
typical rough endoplasmic reticulum formation. One cell in Figure 8 seems to 
have a very low glycogen content and an unusual number of free ribosomes. 
Figure 9 is a micrograph of a cell with both rough endoplasmic reticulum 
and possibly smooth endoplasmic reticulum. The areas thought to be smooth 
endoplasmic reticulum have many small circular to elliptical membrane -limited 
vesicles as well as some which are obviously swollen. Some of the smaller 
vesicles have ribosomes whereas others do not. 
Figure 6 and 10 also show many such membrane-limited strucutres. 
Their structure and occurrence ought to be studied in more detail. Orrenius 
(1965b) has hypothesized that, in the case of aminopyrine demethylation enzymes, 
that enzyme induction by injections of phénobarbital causes a synthesis of 
enzyme by the rough endoplasmic reticulum. The rough endoplasmic reticulum, 
after being saturated with enzymes, then loses its ribosomes and changes form 
to become smooth endoplasmic reticulum, Nakatsugawa and Dahm (1962) have 
observed that parathion activation does not occur m vitro, under the conditions 
employed in their or this study, in nymphal cockroach fat body or fat body 
from very young adults. Hence, it is quite possible that, if the fat body 
makes a biochemical change in the lifetime of the insect, structural changes 
might also be evident, such as a conversion of rough endoplasmic reticulum 
to smooth. The data collected for this thesis were not sufficiently detailed 
to establish suoh a correlation, but further studies to do so would oertilfily be 
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warranted. 
Figures 8, 10, and 11 also show the extensive and complex intercellular 
relationships sometimes encountered in the fat body. On the other hand, certain 
sections examined did not have such features and simply served to illustrate the 
great cell sizes which occur in the fat body. 
As described in Materials and Methods, the fat body homogenates were 
centrifugally fractioned into a "debris" fraction, a "mitochondrial" fraction, a 
"microsomal" fraction, and a "soluble" fraction. In general, it appeared that 
parathion activation enzymes were most abundant in the debris and mitochondrial 
fractions (Table 1). From this, one would conclude, as did Nakatsugawa and 
Dahm (1965), that parathion activation is accomplished by a microsomal enzyme 
or enzyme system. Electron micrographs of the debris (Figures 12-19), 
mitochondrial (Figures 20-27), and microsomal fractions (Figures 28-34) are 
presented in sequence, so that the character of the pellet, from the bottom to 
the top, is shown. 
Figures 12 and 13 show the area very near the bottom of the sample 
taken from the debris pellet. The debris pellet was a very large and heavy pellet 
which was almost entirely uric acid. The tissue fragments associated with this 
fraction appeared as a brown layer on the surface of the uric acid pellet. Figure 
12, in addition to empty areas possibly formerly occupied by uric acid crystals, 
pictures a nucleus near the upper left hand corner. The nucleus has been rather 
extensively damaged, but, in places, its double nuclear envelope can still be 
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seen. A bacterium appears in cross section in the middle of Figure 12. This 
pellet was very difficult to section and the Araldite is clearly seen as a back­
ground. 
Figure 13, in addition to two bacteria and several empty areas, shows 
a great amount of smooth membrane fragments. The position of these membrane 
fragments, that is at a point of greater gravitational force than the extensive 
bands of bacteria and mitochondria appearing in this pellet (Figures 14-17), 
indicates that they were sedimented very rapidly, possibly as quite large pieces. 
Perhaps these are remnants of the membrane-limited vesicles pictured, in 
Figures 2 and 3, but without further study, this cannot be confirmed. 
Figures 14 and 15 are micrographs of an area near the bottom of the 
debris pellet. Bacteria, which are quite well preserved, mitochondria, possi­
bly some nuclei, and smooth membrane fragments appear in these micrographs. 
The prominent membrane swirl in Figure 14 is of unknown origin. Nothing like 
it was observed in the intact tissue. Areas of Figure 15 show clusters of 
small,Tdiirciilar, elliptical, or rod shaped froments (F). These appear to be 
membrane limited, to be filled with an electron dense matrix, and some appear 
to have ribosome-like structures associated with them. In one micrograph, not 
reproduced here, a structure, presumably a mitochondrian, appeared to have 
been disintegrating into such small rod shaped bodies. The fragments in Figure 
15, however, did not have quite the same appearance; as the possible 
mitochondrial fragments and the source of the small bodies is therefore 
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yet unknown. 
Figures 16-19 are micrographs of the upper regions of the debris pellet. 
Glycogen particles begin to appear in these micrographs, as do more membrane 
fragments. Mitochondria appear more frequently and bacteria appear somewhat 
less frequently than in lower levels of the pellet. Figures 16 and 18 include 
extensive membrane profiles (mp) which suggest a network of membranous 
cisternae which have been separated and sedimented nearly intact. Some 
ribosome-like structures, upon close examination, seem to be attached to 
portions of these profiles in Figure 16 (arrow), but in general, preservation 
of these seems to be rather poor. An extensive smooth membrane swirl appears 
near the right hand edge of Figure 17. 
Figure 19 is a micrograph taken very near the top of the debris pellet 
near a point of the least centrifugal force in the debris pellet. Some glycogen, 
and many smooth membrane profiles are the primary features in this micro­
graph. 
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Figures 20-27 are micrographs taken from the mitochondrial fraction. 
The mitochondrial pellet was quite a large pellet, often approaching 5 mm. in 
diameter, and about 1 mm. in depth. The pellet seemed to vary in its com­
position having a darker center, measuring 2 to 3 mm. in diameter. The sur­
rounding area was much lighter and more translucent, and more nearly like the 
microsomal pellet. The heterogeneous appearance evidently results from the 
shape of the centrifuge and the position imposed upon it by the angle head 
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centrifuge rotor. 
Figures 20-24 are electron micrographs of the center region of the mito­
chondrial pellet whereas Figures 25-27 are micrographs of the outer, more 
translucent collar. As shown in Figure 20, the bottom, or region of greatest 
centrifugal force, in the central portion of the mitochondrial pellet is richly 
supplied with mitochondria. Bacteria are rarely present. Glycogen is common. 
The mitochondria and an occasional bacterium are distributed throughout the 
central region of the pellet although they tend to become less abundant in the 
upper regions. The top of the central portion of the mitochondrial pellet has 
only a space distribution of mitochondria, but glycogen and membrane fragments 
with ribosomes are common (Figure 24). Unfortunately, the membranes did:nOt 
stain well and are difficult to visualize. 
The outer collar, or more translucent zone of the mitochondrial pellet, 
probably lies in a zone of less centrifugal force than the center region. Unlike 
the center region, which showed a gradation of mitochondria from the bottom to 
top, the outer region was rather homogeneous in appearance. Some mitochondria 
(Figures 25 and 26) were present but were rare and often quite small. Very 
rarely, a bacterium was present, as perhaps shown in Figure 26. The primary 
component of the translucent region was rough-surfaced membrane fragments 
(rmf). Glycogen was common in this portion of the pellet, and, often existed 
in rather isolated lakes (Figure 25). Figure 27 is a micrograph of the top of 
the translucent collar of the mitochondrial pellet. 
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The microsomal pellet (Figures 28-34) was slightly smaller than the 
mitochondrial pellet, being about 3-4 mm. in diameter. The microsomal pellet 
was yellow, translucent, and did not appear to be separated into different zones 
as was the mitochondrial pellet. 
The bottom of the microsomal pellet (Figures 28-30) contained a rather 
dense but narrow mitochondrial band. The mitochondrial band ended abruptly 
(Figure 30) after which very few mitochondria were ever observed. Bacteria 
were rarely observed in the microsomal pellet. 
Glycogen was present in all levels of the microsomal pellet and some­
times was present in large lakes (Figure 32) which had no other significant 
structure in them. Many ribosome-studded membrane fragments were observed 
in the microsomal pellet. Most occurred as empty-appearing vesicles, but some 
(Figure 30, arrow) appeared to be filled with moderately electron dense material. 
Some smooth surfaced membranes were observed (Figure 32, arrow) but these 
were rather rare. 
The very top of the microsomal pellet again had some mitochondrial-
like structures which appeared to be badly swollen (Figure 34). Some smooth 
membrane fragments are visible. Clearly, the major fragments in the micro­
somal pellet are ribosome-bearing membranes, glycogen, and mitochondria. 
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Antibiotic feeding studies 
Although no statistical analyses were made of the antibiotic feeding 
data, it did seem that the production and size of the egg capsules were directly-
related to the level of antibiotics in the diet. Even though the capsules from the 
antibiotic fed cockroaches were much smaller than normal, the date of emer­
gence (about 30 days) and the number of cockroaches per capsule (about 15) did 
not seem to vary from the control. No obvious difference in mortality was 
observed between the antibiotic fed cockroaches and the control cockroaches. 
No record of growth was kept for the nymphal cockroaches, but casual 
observation showed that those from antibiotic fed parents grew more slowly and 
were lighter colored than those from normal parents, as reported by Gallagher 
(1962). 
Two cockroaches, fed 10% antibiotics for 90 and 120 days, respectively, 
had aposymbiotic fat bodies or at least had greatly reduced symbiont populations 
as determined by light microscppic examination of samples of fat body. On a 
fresh weight basis, the aposymbiotic fat bodies activated parathion, one being 
greater than the controls, another less. However, a fresh weight comparison 
is not ideal due to possible fluctuations in uric acid content as the symbiont 
population decreases (Harshbarger and Forgash, 1964). Several experiments 
with normal cockroaches from our laboratory culture showed that up to 60% of 
the fat body fresh weight could be uric acid. 
Many attempts to isolate the symblonts in simple culture media were 
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unsuccessful. Brooks (1963) has objected to reports of symbiont isolation and 
suggests that in order to culture the bacteroids, a complex medium, perhaps 
one similar to tissue culture media will have to be used. Bush and Chapman 
(1961) found that the bacteria had the thinnest cell wall they had observed in 
bacteria and suggested that isolation difficulties might be related to their 
fragility. 
The symbiotic bacteria do not appear to have an important role in para-
thion activation in fat body homogenates. The antibiotic studies suggest such a 
conclusion and the absence of the bacteria in the microsomal pellet tends to 
confirm that conclusion. 
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SUMMARY 
Coordinated microscopic and biochemical studies were conducted to 
determine the site of parathion activation in fat body homogenates from adult 
female American Cockroaches, Perlplaneta americana (L. ). Four centrifugal 
fractions, designated as the debris pellet, mitochondrial pellet, microsomal .. 
pellet, and supernatant fraction, were prepared from homogenates of the fat 
body. Each of these centrifugal fractions and uncentrifuged fat body homogenates 
were studied for their content of cytochrome oxidase and parathion activation 
enzymes. Electron microscopic examinations of the intact fat body tissue 
and the three pellets were conducted. The microsomal pellet, so named for 
its preparation from the supernatant of a cytochrome oxidase-rich (mitochondrial) 
pellet, contained about 70% of tiie parathion activation activity and about 15 % of 
the cytochrome oxidase. An unidentified component for the activation 
reaction was lost to the supernatant of the microsomal pellet and had to be 
added to the incubation mixture before the reaction could take place. 
Electron micrographs of the microsomal pellet showed it was con­
taminated at the bottom of the pellet, with a few bacteria and many mitochondria. 
Most of the pellet had the morphology that might be expected following 
centrifugation of a disrupted cellular membrane system. Most of the membrane 
fragments appear to have ribosomes attached to them. Smooth membrane 
fragments were rarely observed. Glycogen was present in the microsomal 
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pellet. The study did not permit one to positively identify the site of parathion 
activation in the fat body homogenates, although its location on fragments of 
the endoplasmic reticulum seems likely. 
Antibiotic feeding studies, done with the parathion activation assays 
and microscopic examination, indicated that the symbiotic bacteria in the fat 
body probably do not have an important role in parathion activation in the 
cockroach fat body. 
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APPENDIX 
Table 1. Examples of the fractionation of cytochrome oxidase and parathion activation activities as 
described in Materials and Methods. ^ 
Cytochrome Oxidase Parathion Activation^ 
Not fortified Fortified 
Fraction Pellet Supernatant Pellet Supernatant Pellet Supernatant 
Whole homogenate 236.6 63.8 62.6 
Debris 73.8 100.0 12.4 100.0 16.6 100.0 
Mitochondrial 103.0 16.0 15.7 100.5 29. 1 117.2 
Microsomal 14.3 0.0 7.0 5.1 69.9 4.9 
Whole homogenate 117.4 63.8 102.1 
Debris 127.0 100.0 13.3 100.0 23.4 100.0 
Mitochondrial 80.9 5.6 4.3 84.0 15.9 119.3 
Microsomal 19.8 0.0 3.0 2.3 95.2 0.0 
^Values given are percentages of the activity of the supernatant of the debris fraction. 
^Fortification or non-fortification refers to tiie substitution or non-substitution, respectively, of a heated 20% 
microsomal supernatant for Ihe water in the incubation mixture as described in Materials and Methods. 
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Table 2. Abbreviations used in figures 1 to 34. 
B Bacterium 
Cy Cytolysome 
F Fragments, rod shaped, electron dense, and of unknown origin 
gl Glycogen 
H Hemolymph 
IM Intercellular matrix 
M Mitochondrion 
mp Membrane profile 
mt Microtubule 
N Nucleus 
r Ribosome 
rer Rough endoplasmic reticulum 
rmf Rough membrane fragment 
ser Smooth endoplasmic reticulum 
smf Smooth membrane fragment 
V Vesicle 
Figure 1. A light micrograph of cockroach fat body stained by the methyl 
green-Pyronin B method. Magnified about 90 times. 

Figure 2. A general view of fat body tissue. Magnified about 7,700 times. 
The bar represents 1 micron. Abbreviations: cy, cytolysome; 
gl, glycogen; H, hemolyn^h; M, mitochondrion; N, nucleus;: 
rer, rough endoplasmic reticulum; V, vesicle. 

Figure 3. A storage area in the fat body. Magnified about 8,000 times. 
The bar represents 1 micron. Abbreviations; gl, glycogen; 
V, vesicle. 
Figure 4. An area of bacterial inclusions in the fat body. Magnified about 
19,100 times. The bar represents 1 micron. Abbreviations: 
B, bacterium; gl, glycogen. 
Figure 5. An area of intact fat body with microtubules (mt), rough endoplasmic 
reticulum (rer), and possibly smooth endoplasmic reticulum (ser). 
Magnified about 41,300 times. The bar represents 1 micron. Other 
abbreviations: cy, cytolysome; M,;,mitochondrion. 

Figure 6, An area possibly containing smooth endoplasmic reticulum. 
Magnified about 13,800 times. The bar represents 1 micron. 
Abbreviation: ser, smooth endoplasmic reticulum. 
Figure 7. A fat body nucleus (N), rough endoplasmic reticulum (rer), 
glycogen (gl), and mitochondria (M). Magnified about 18,200 
times. The bar represents 1 micron. 
mm 
» 
Figure 8. An area of fat body illustrating intercellular matrices (IM) and 
small membranous profiles with few ribosomes attached (arrow), 
and many free ribosomes (r). Magnified about 27,600 times. 
The bar represents 1 micron. Other abbreviations: cy, 
cytolysome; gl, glycogen; M, mitochondrion; rer, rough 
endoplasmic reticulum. 
Figure 9. Fat body tissue with possible areas of smooth endoplasmic 
reticulum (ser). Magnified about 15,300 times. The bar 
represents 1 micron. Other abbreviations: M, mitochondrion; 
N, nucleus; rer, rough endoplasmic reticulum. 

Figure 10. Fat body tissue with extensive intercellular matrices (IM). 
Magnified about 13,800 times. The bar represents 1 micron. 
Other abbreviations: gl, g^cogen; M, mitochondrion; mt, 
microtubule; rer, rough endoplasmic reticulum; ser, smooth 
endoplasmic reticulum, 
Figure 11. An intercellular matrix in the fat body. Magnified about 
29,600 times. The bar represents 1 micron. Abbreviations: 
gl, glycogen; IM, intercellular matrix; M, mitochondrion; 
mt, microtubule. 
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Figure J.2. The bottoin of the tissue portion of the debris pellet. Magnified 
about 13,100 times. The bar represents 1 micron. Abbreviations: 
B, bacterium; N, nucleus. 
Figure 13f Near the bottom of the tissue portion of the debris pellet. Many 
smooth membrane fragments are evident (smf). Magnified about 
13,200 times. The bar represents 1 micron. Other abbreviations: 
B, bacterium; smf, smooth membrane fragment. 
Figure 14. Nef^r the bpttom of the tissue portion of the debris pellet. Magnified 
about 13,200 times. The bpr represents 1 micron. Abbreviations: 
B, bacterium; N, nucleus; smf, smooth membrane fragment. 
Figure 15. Near the bottom of the tissue portion of the debris pellet. Magnified 
about 13,300 times. The bar represents 1 micron. Abbreviations: 
B, bacterium: F, fragments, rod shaped, electron dense, and of 
unknown origin; smf, smooth membrane fragment. 

Figure 16. Near the center of the tissue portion of the debris pellet. Mem­
brane profiles (mp) appear as though large segments of a cellular 
membrane system were sedimented intact, some of which have 
ribospme-like structures attached (arrow). Magnified about 
13,200 times. The bar represents 1 micron. Other abbreviations; 
B, bacterium; M, mitochondrion. 
Figure 17. Near the center of Ae tissue portion of the debris pellet. Magni­
fied about 13,300 times. %e bar represents 1 micron. Abbreviations: 
M, mitochondrion. 
Figure 18, Near the top of the tissue portion of the débris pellet. A mem­
brane profile (mp) as in figure 16 is also shown. Magnified 
about 13,200 times. The bar represents 1 micron. Other 
abbreviations: M, mitochondrion. 
Figure 19, Very near the top of the tissue portion of the debris pellet. 
Magnified about 9,600 Umes. The bar represents 1 micron. 

Figure 20. The bottom of the central region of the mitochondrial pellet. 
Magnified about 21,800 times. The bar represents 1 micron. 
Abbreviations; B, bacterium; gl, glycogen; M, mitochondrion. 
Figure 21. Near the bottom of the central region of the mitochondrial 
pellet. Magnified about 18,900 times. The bar represents 
1 micron. Abbreviations: B, bacterium; M, mitochondrion. 
Figure 22. Near the middle of the central region of the mitochondrial 
pellet. Magnified about 22,000 times. The bar represents 
1 micron. Abbreviations; M, mitochondrion. 
Figure ^3. Near the top of the central region of the mitochondrial pellet. 
Some rough membrane fragments are present. Magnified about 
22,000 times. The bar represents 1 micron. Abbreviations: 
M, mitochondrion. 

Figure 24. The top of the central region of the mitochondrial pellet. Few 
mitochondria (M) are present, but there are many rough mem-' 
brane fragments (rmf). Magnified about 22,000 times. The 
bar represents 1 micron. 
Figure 25. The outer region of the mitochondrial pellet with a large lake of 
glycogen. Magnified about 9,600 times. The bar represents 1 
micron. Abbreviations: gl, glycogen; rmf, rough membrane 
fragment. 
Figure 26. The other region of the mitochondrial pellet. Magnified about 
14, OOQ times. "Die bar represents 1 micron. Abbreviations: 
M, mitQchpndrton; rmf, rough membrane fragment. 
Figure 27. The outer region of the mitochondrial pellet. Magnified about 
11,300 times. The bar represents 1 micron. 
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Figure 28. Thç bottom of the microsomal pallet. Magnified about 21,500 
times, ïhe bar represents 1 micron. Abbreviations: M, 
mitochondrion. 
Figure 29. The ntiorpsomal pellet, near the end of prominent mitochondrial 
qontaminatipn. Magnified abput 22,500 times. The bar represents 
I mipron. Abbreviations: M, mitochondrion. 
Figure 30. The microsome peUet showing the abrupt end pf important mito­
chondrial contamination. Ms^ifie^ aboiit 27, QOO times. The 
bar represents I micrpn. Abbreviations: gl, glycogen; M, 
mitochondrion; rmf, roqgh membrane fragment. 
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Figure 31. The middle of the microsomal pellet. Magnified about 28,000 
times. The bar represents 1 micron. 
Figure 32. A lake of glycogen in the middle of the microsomal pellet. 
Magnified about 27,000 times. The bar represents 1 micron. 
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Figure 33. Very near the top of the microsomal pellet. Magnified about 
18,500 times. The bar represents 1 micron. Abbreviations; 
rmf, rough membrane fragment. 
Figure 34. The top of the microsomal pellet. Magnified about 26,800 
times. The bar represents 1 micron. Abbreviations: M, 
mitochondrion. 
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